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© Recombinant human hepatocyte growth factor and method for production thereof.

© Recombinant expression vectors capable of ex-

pressing a base sequence coding for polypeptides

possessing a hepatocyte-growing activity, transfor-

mants and methods for production of said polypep-

tides. The recombinant human leukocyte-derived

hepatocyte growth factor of the present invention is

expected to serve well for hepatocyte cultivation

reagents, liver regeneration promoters, researches

on liver function, various hormones, drugs on

hepatocytes and the carcinogenesis mechanism of

hepatoma, diagnostic reagents using an antibody

against said polypeptide and therapeutic drugs for

liver diseases.
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FIELD OF THE INVENTION

The present invention relates to recombinant

expression vectors capable of expressing a base
sequence which codes for polypeptides possessing

a hepatocyte-growing activity, more specifically,

polypeptides possessing a physiological activity

enabling in vitro maintenance and growth of

hepatocytes, transformants thereof and methods for

producing said polypeptides.

The polypeptide of the present invention is

expected to serve well for hepatocyte cultivation

reagents, liver regeneration promoters, basic re-

search on liver function, research on the action of

various hormones and drugs on hepatocytes, re-

search on the carcinogenesis mechanism of

hepatoma, clinical diagnostic reagents using an

antibody against said polypeptide and therapeutic

drugs for liver diseases,

BACKGROUND OF THE INVENTION

Traditionally, epithelial cell growth factor (EGF),

fibroblast growth factor (FGF), nerve cell growth

factor(NGF), platelet-derived growth factor (PDGF),

endothelial cell growth factor (ECGF) and other

polypeptides have been known to possess cell

growth activity. In addition to these cell growth

factors, a polypeptide which shows hepatocyte

growth activity in vitro was partially purified from
serum of rats with regenerated liver by Nakamura
et al. in 1984, and named hepatocyte growth factor

(hereinafter abbreviated as HGF).

Until the discovery of HGF, it had been impos-

sible to cultivate hepatocytes in vitro; they showed
no growth even in the presence of mammalian
serum which allows vigorous growth of various

lines of established cells, and they usually fell

down off from the wall of cultivation vessel in about

1 week. In the presence of HGF, hepatocytes

showed very good growth, and their cultivation

became possible [Biochem. Biophys. Res. Com-
mun., 122, 1450 (1984)]. Other workers confirmed

that this HGF activity was present also in blood

after partial hepatectomy and in blood of fulminant

hepatitis patients.

With this background, the present inventors

have made a series of investigations of HGF sepa-

rated and purified from rat platelets, and found that

this rat platelet-derived HGF comprises two kinds

of subunits and succeeded in identifying 27 amino
acid residues of a partial amino acid sequence of

HGF (Japanese Patent Application No.

311866/1 988).

The native HGF is a polypeptide which is se-

creted in only trace amounts from liver tissues and

platelets, and difficulty in obtaining material tissues

renderes stable supply of HGF almost impossible.

Specifically, activity of human HGF has been here-
tofore confirmed only in sera from patients with

fulminant hepatitis. Thus, in order to use this* HGF
for hepatocyte cultivation, researches of

s hepatocytes and as agents for hepatic diseases,

mass-production of HGF or a polypeptide possess-
ing similar activity by gene recombination technol-

ogy is desired.

70 SUMMARY OF THE INVENTION

With the aim of solving the problems described

above, the present inventors have made intensive

investigations, and found that a cDNA containing

15 the base sequence which codes for rat HGF poly-

peptide can be obtained from a cDNA library pre-

pared from rat liver mRNA using an oligonucleotide

synthesized on the basis of the amino acid se-

quence of rat platelet-derived HGF as the probe.

20 Further, it was found that cDNA containing a base
sequence coding for human HGF polypeptide

could be obtained from a cDNA library prepared

from human liver mRNA with the use of said rat-

originated cDNA (Nature, 342, 440, 1989) as the

25 probe.

The present inventors have further conducted
Northern hybridization with mRNA derived from
various human tissues other than liver using a part

or all of said human liver-derived cDNA as the

30 probe and found that HGF-like transcript can be
found in placenta and leukocyte mRNAs. The
present inventors have isolated cDNA containing a

base sequence coding for human HGF from a
cDNA library prepared from leukocyte-derived

35 mRNA to clarify the base sequence. Furthermore,

the inventors have obtained a transformant by pre-

paring a recombinant expression vector containing

said cDNA and transforming with said recombinant

expression vector, and found that human
40 leukocyte-derived HGF gene is expressed by cul-

tivating said transformant, which resulted in com-
pletion of the present invention.

That is, this invention involves recombinant ex-

pression vectors capable of expressing DNA con-

45 taining base sequence which code for human
leukocyte-derived hepatocyte growth factor, trans-

formants transformed with said recombinant ex-

pression vector, methods of production which com-
prise cultivating said transformants and harvesting

so recombinant human leukocyte-derived hepatocyte

growth factor from the culture, and the recombinant

human leukocyte-derived hepatocyte growth factor.

BRIEF EXPLANATION OF THE DRAWING
55

Fig. 1 shows a restriction enzyme map of

HLC3.

Fig. 2 shows a part of the base sequence of
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HLC3 and therefrom deduced amino acid se-

quence.

Fig. 3 shows a part of the base sequence of

HLC2 and therefrom deduced amino acid se-

quence.

Fig. 4 shows a construction schematic of hu-

man leukocyte-derived HGF expression vector for

COS cell.

Fig. 5 shows a construction schematic of hu-

man leukocyte-derived HGF expression vector for

mouse C127 cell.

Fig. 6 shows a construction schematic of hu-

man leukocyte-derived HGF expression vector for

Chinese hamster CHO cell.

Fig. 7 is a line map showing fraction numbers

of S-Sepharose eluate and absorbance of the elut-

ed component and their relation to DNA synthesis

activity.

Fig. 8 is a line map showing fraction numbers

of heparin eluate and absorbance of the eluted

component and their relation to DNA synthesis

activity.

Fig. 9 is a line map showing relations between

acetonitrile concentrations passed through

reversed-phase HPLC and absorbance of the elut-

ed component.

Fig. 10 shows SDS-polyacrylamide elec-

trophoresis pattern of the purified recombinant hu-

man HGF under reducing and nonreducing con-

ditions.

Fig. 11 is a line map showing chromatography

pattern of the S-Sepharose eluate.

Rg. 12 is a line map showing fraction numbers

of the heparin eluate and absorbance of the eluted

component and their relation to DNA synthesis

activity.

Fig. 13 is a line map showing fraction numbers

of the phenyl 5PW column chromatography eluate

and absorbance of the eluted component and their

relation to DNA synthesis activity.

Rg. 14 shows SDS-polyacrylamide elec-

trophoresis pattern of the purified recombinant hu-

man HGF under reducing and nonreducing con-

ditions.

Rg. 15 shows SDS-polyacrylamide elec-

trophoresis pattern of the purified single-chain re-

combinant human HGF under reducing and non-

reducing conditions.

DETAILED DESCRIPTION OF THE INVENTION

The DNA recombinant expression vector cod-

ing for human hepatocyte growth factor and the

transformant of the invention can be prepared, for

example, in the following manner.

That is, (1) mRNA is isolated from human

leukocytes, from which a cDNA library is prepared

by a known method;

(2) Using a portion or all of human liver-derived

HGF cDNA which has been already isolated, as the

probe, the above-mentioned human leukocyte-de-

rived cDNA library is subjected to screening and

5 the desired cDNA is extracted from the isolated

clone;

(3) cDNA fragment coding for the human HGF is

cut out from this human leukocyte-derived HGF
and inserted into an expression vector;

to (4) The obtained recombinant expression vector is

used to transform a host cell to yield a transfor-

mant; and

(5) This transformant is cultivated, and human
leukocyte HGF can be harvested and produced

15 from the resulting culture supernatant.

The respective processes are in detail de-

scribed below.

(1) Isolation of mRNA and Northern hybridization

20

mRNA of human leukocytes can be obtained

by a conventional method. For example, in accor-

dance with the J. M. Chirgvin et al method as

described in Biochemistry, 18, 5294 (1979), said

25 mRNA can be obtained by subjecting RNA ob-

tained from the guanidine thiocyanate lysate of

human leukocytes to liquid chromatography of

oligo (dT) cellulose column or oligo (dT) latex. Also,

human leukocyte mRNAs are available in the mar-

30 ket, and the products of Ciontech Lab. can be

used. Northern hybridization of mRNA thus ob-

tained and cDNA coding for human liver-derived

HGF can be conducted, for example, by the Man-

iatis et al method as described in Molecular cloning

35 : A Laboratory Manual, Cold Spring Harbor Labora-

tory, New York. 202 (1982). As the probe, al! or a

portion of human liver-derived HGF cDNA can be

used after labeling with 32P.

40 (2) Preparation of cDNA

cDNA libraries can be constructed by syn-

thesizing cDNAs using a reverse transcriptase with

the human leukocyte mRNA wherein HGF tran-

45 script is confirmed as a template, in accordance

with, for example, the H. Okayama et al method

(Mol. Cell. Biol., 2. 161. 1982 and Mol. Cell. Biol.,

3, 280, 1983) or the U. Gubler et al method (Gene,

25, 263, 1983), and inserting said cDNAs into plas-

50 mids or phage DNAs. Examples of the ptasmid

vectors into which the cDNAs are inserted include

Escherichia co//-derived pBR322, pUC18 and

pUC19 (Toyobo) and Baciflus subtilis-defwedi

pUB110 (Sigma). The above-mentioned examples

55 .of the vectors to be used are not limited and any

vectors can be used as long as they are capable of

replication and amplification in host cells. As the

methods in which the cDNAs synthesized from

3
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mRNA as the template are inserted into plasmids

or phage DNAs to produce the cDNA libraries,

mention can be made of, for example, the T. Man-

iatis' method (Molecular Cloning, Cold Spring Har-

bor Laboratory, New York, 1982, p.239) or the T. V.

Hyunh et ai method (DNA Cloning : A Practical

Approach, 49, 1985). Also, human leukocyte

cDNA libraries are available in the market like

mRNAs and can be purchased from Clontech Corp.

and others.

(3) Screening of cDNA library

The recombinant expression vectors of plas-

mids, phage DNAs or the like obtained as a cDNA
library is harbored in an appropriate host cell such

as Escherichia coli Examples of Escherichia coli

as the host cell include Escherichia coli NM514,
C600 (Stratagene), NM522, JM101 (Pharmacia)

and so on. Using the calcium chloride method, the

calcium chloride-rubidium chloride method or an-

other method in the case where plasmids are used

as the cDNA vector and using the in vitro pack-

aging method in the case where phage DNAs are

used as the cDNA vector, the recombinant expres-

sion vectors can be harbored in a previously grown

host cell (Molecular Cloning, Cold Spring Harbor

Laboratory, New York, 1982, p.249). From the thus-

obtained transformant, cDNA clones can be fished

using 32P-labeled human liver-derived HGF cDNA
as the probe by the colony-hybridization method
(Gene, 10, 63, 1980), the plaque hybridization

method (Science, /9ft180. 1977) or another meth-

od. The cloning can be conducted also by the

enzyme antibody method (DNA Cloning, A Labora-

tory Manual: A Practical Approach, I, 49, 1985)

with an antibody against the objective polypeptide

to give the cDNA clones.

The recombinant DNA such as plasmid or or

phage DNA is isolated from said transformant in

accordance with the conventional method
(Molecular Cloning, Cold Spring Harbor Laboratory,

New York, 1982), whereafter the cDNA nucleotide

sequence is determined directly as it is or after

digested with restriction enzyme. The base se-

quence is determined by the Maxam-Gilbert chemi-

cal method [Proc. Natl. Acad. Sci. USA, 74, 560

(1977)] or the Sanger dideoxy method (Proc. Natl.

Acad. Sci. USA, 74, 5463 (1977)]. Furthermore,

another cDNA is synthesized newly from the

above-mentioned mRNA by the primer-extension

method (Proc. Natl. Acad. Sci. USA, 76, 731,

1979) using as the primer a part of the cDNA
whose sequence is determined or a synthesized

DNA which is a part of the cDNA, and the cloning

of the recombinant DNA of plasmid, phage or so

on containing the cDNA which can be ligated with a

first cDNA obtained already from the cDNA library

can be performed in the same manner as men-
tioned above. These steps of primer-extension and
cloning can be repeated multiple times, if neces-

sary.

5

(4) construction of human HGF recombinant ex-

pression vector

A recombinant expression vector can be pr§-

10 pared by cutting out-cDNA using restriction en-

zyme from several kinds of plasmid, phage or other

recombinant vector containing the cloned chromo-

some DNA which codes for the entire or partial

amino acid sequence of human leukocyte HGF and

75 re-ligating it to the downstream of a vector pro-

moter suitable for human leukocyte-derived HGF
expression using restriction enzyme and DNA
ligase.

More specifically, for increased expression effi-

20 ciency of the human leukocyte-derived HGF of the

present invention, the recombinant expression vec-

tor is constructed so that 1) a promoter, 2) a

ribosome binding site, 3) an initiation codon, 4) a

DNA containing the base sequence which codes

25 for the human leukocyte-derived HGF, 5) a ter-

mination codon and 6) a terminator are present

therein in this order in the downstream direction of

transcription. As the DNA vectors to be used in the

present invention, mention can be made of, for

30 example, Escherichia co//-derived plasmid

pBR322, pUC18 (Toyobo), Bacillus subtilis -de-

rived plasmid pUB110 (Sigma), yeast-derived plas-

mid pRB15 (ATCC 37062), bacteriophage \ gt10, X

gt11, (Stratagene), Virus SV40 (BRL Corp.), BPV
35 (ATCC VR-703), retrovirus gene-derived vectors

and^so on. Any DNA vector can be used for the

present invention as long as it is replicable and

ampfifiable in the host. Particularly, for convenient

expression of the human leukocyte-derived HGF, it

40 is preferable to use a vector derived from the gene

of a virus such as SV40. For example, the recom-

binant expression vector wherein the above-men-

tioned cloned DNA which codes for human
leukocyte-derived HGF is ligated to the late region

45 of SV40 vector can be expressed by incorporating

it into a simian cell line known as COS cells [Cell,

23, 175 (1981)]. As for promoters and terminators,

there is no limitation as long as they suit to the

host used to express the desired base sequence

so which codes for human leukocyte-derived HGF. For

example, there can be mentioned trp promoter, lac

promoter and so on as the promoter for the host of

Escherichia coli, SP01 promoter, SP02 promoter

and so on for the host of Bacillus subtilis, GAP
55 promoter, PGK promoter and so on for yeast host

and virus-derived SV40 promoter and HSV1 TK
promoter for animal cell host such as mouse

fibroblast and Chinese-hamster ovary cell. As the
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terminator, there can be mentioned, for example,

trp terminator, Ipp terminator and so on for the host

of Escherichia coii, amyF terminator for the host

of Bacillus subtiiis, CYC1 terminator for yeast host

and SV40 terminator, HSV1 TK terminator and so 5

on for animal ceil host. These promoters and ter-

minators are used in appropriate combination ac-

cording to the host used. The DNA containing the

base sequence which codes for the human
leukocyte-derived HGF of the present invention is io

not subject to limitation as long as the polypeptide

at which said DNA is expressed possesses

hepatocyte growth activity, and the base sequence

as shown in Fig. 2 to be mentioned later can be

exemplified. Moreover, the DNA may have a base 15

sequence resulting from partial substitution, dele-

tion, insertion or combination thereof in the base

sequence mentioned above. The DNA containing

the base sequence which codes for the human
leukocyte-derived HGF may contain a translation 20

initiation codon ATG and a translation termination

codon TAA, TGA or TAG. Also, if necessary, more
than one initiation codon or termination codon may
be used in combination, or may be combined with

another codon, and these combinations are subject 25

to no limitation. Moreover, it is preferable that one

or more kinds of genes capable of serving as a

selection marker for the host transformed with this

recombinant expression vector, such as the

ampicillin-resistance gene, the neomycin-resistance 30

gene and the DHFR gene, be contained in the

vector at an appropriate position.

(5) Host cell transformation and cultivation

35

The human HGF leukocyte recombinant ex-

pression vector thus constructed is introduced into

the host by the competent cell method [J. Mol.

BioL. 53, 154 (1970)], the protoplast method [Proc.
' Natl. Acad. ScL USA, 75, 1929 (1978)], the calcium <o

phosphate method [Science, 22 1, 551 (1983)], the

DEAE dextran method (Science. 2/5, 166 (1983)],

the electric pulse method [Proc. Natl. Acad. USA,

81, 7161 (1984)], the in vitro packaging method
[Proc. Natl. Acad. Sci. USA, 72, 581 (1975)], the 4s

virus vector method [Cell, 37, 1053 (1984)], the

micro-injection method [Exp. Cell. Res., 153, 347

(1984)] or another method to prepare a transfor-

mant, wherein not only Escherichia coii as men-
tioned above but also Bacillus subtilis, a yeast, 50

animal cell and other host are used. It is especially

preferable to use a mammalian host cell such as

mouse fibroblast C127 [J. Viol., 26, 291 (1978)] or

Chinese hamster ovarian cell CHO [Proc. Natl.

Acad. Sci. USA, 77, 1929 (1978)]. 55

The obtained transformant is cultivated in a

culture medium suitable to the host to produce the

desired recombinant human leukocyte HGF. The

medium is supplemented with carbon sources, ni-

trogen sources, minerals, vitamins, serum, chemi-

cals and other additives necessary for the growth

of the transformant. Examples of the culture me-
dium include LB medium (Nissui Pharmaceutical),

M9 medium (J. Exp. Mol. Genet., Cold Spring

Harbor Laboratory, New York, 1972, p.431) and the

iike in the case where the host of the transformant

is Escherichia coir, YEPD medium (Genetic En-

gineering, vol. 1, Plenum Press, New York, 1979, p:

117) in the case where the host is yeast; and MEM
medium, DMEM medium, RPMI1640 medium
(Nissui Pharmaceutical) and so on containing fetal

bovine serum in a proportion of not more than

20%, in the case where the host is an animal cell.

Transformant cultivation is carried out normally at a

temperature of 20 to 45* C and a pH of 5 to 8, with

aeration and/or stirring added as necessary. When
the host is an adhesive animal cell or the like, glass

beads, collagen beads, acetylcellulose hollow fiber

or another carrier is used. Medium compositions or

cultivation conditions other than these may be used

as long as they allow the transformant to grow.

(6) Purification of human HGF

The recombinant human leukocyte HGF thus

produced in the transformant or in the culture

supernatant thereof may be separated and purified

by a combination of known techniques such as

salting-out, solvent precipitation, dialysis, ultrafil-

tration, gel electrophoresis, gel filtration chromatog-

raphy, ion exchange chromatography, reverse

phase chromatography and affinity chromatog-

raphy. Particularly preferred efficient methods are

the combination of ammonium sulfate salting-out,

S-Sepharose ion chromatography, heparin

Sepharose affinity chromatography and phenyl

Sepharose reverse phase chromatography and the

combination of ammonium sulfate salting-out, S-

Sepharose ion chromatography and anti-HGF anti-

body Sepharose affinity chromatography.

The recombinant human leukocyte-derived

HGF thus obtained showed noticeable promoting

activity on the growth of rat hepatocytes like rat

liver-derived HGF, rat platelet-derived HGF and re-

combinant human liver-derived HGF.

(7) Determination of HGF activity

HGF activity was determined in accordance

with the method described in Proc. Natl. Acad. Sci.

USA, 80, 7229 (1983) as follows: Hepatocytes were

separated and purified from Wistar rats by the

collagenase reflux method. The obtained rat

hepatocytes were suspended in William E medium

(Flow Laboratory) supplemented with 5% bovine

serum, 2x1
0~9 M insulin and 2x10~9 M dex-

5
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amethasone and sown over 24-well multiplates at a

density of 1.25 x10s
cells/well. After cultivation in

the presence of 5% C0 2 , 30% 02 and 65% N 2 at

37 C for 20 hours, the medium was exchanged

with William E medium supplemented with 0.1

ug/ml aprotinin, with simultaneous addition of a

given amount of the subject sample. Fifteen hours

later, 15 uCi/ml ,2S
I deoxyuridine was added at 10

Ul/well. For the control group, 5 ug/ml aphidicolin

was added 15 minutes before addition of 125
1 deox-

yuridine. Cultivation was continued for 4 more

hours for
125

1 labeling. After washing with two por-

tions of PBS, pH 7.4, the cells were fixed in a cold

10% aqueous solution of trichloroacetic acid (TCA).

The cells were solubilized with a 0.5 ml/well 1 N
aqueous solution of sodium hydroxide, and their

radioactivity was determined using a gamma coun-

ter. Also, a portion of the radioactivity-determined

sample was taken and subjected to protein content

determination by the Lowry method [J. Biol. Chem.,

193, 265 (1951)]. The amount of 125
1 uptake into

hepatocytes upon addition of the subject sample

was calculated as the count difference from the

control, and the obtained value was converted to

per mg rat hepatocyte protein to obtain the DNA
synthesis activity (dpm/mg protein). The HGF activ-

ity of the subject sample corresponding to 50% of

the DNA synthesis activity of hepatocytes obtained

with 10 ng/ml epithelial ceil growth factor in the

same test was defined as 1 unit.

The present invention enables a large quantity

supply of novel physiologically active peptide

which offers the growth of hepatocytes in vitro.

The recombinant human leukocyte-derived HGF is

useful as clinical diagnostic reagents and therapeu-

tic agents for hepatic diseases. Moreover,

hepatocytes grown and maintained by the action of

the recombinant human leukocyte-derived HGF of

the invention are extremely useful as host cells for

basic researches of hepatic functions, researches

of actions of various hormones and medicaments

on hepatocytes, researches of carcinogenesis of

hepatoma or the growth of hepatocytes in vitro.

The present invention is hereinbelow described

in detail by illustrating working examples, to which

the invention is not limited.

Example 1

1) Northern hybridization of human tissue mRNA
and human liver-derived HGF cDNA

Human brain, placenta, leukocyte, lung and liv-

er mRNAs (2 ug each. Clontech Lab.) were sub-

jected to 0.66 M formaldehyde-containing agarose

gel electrophoresis according to the Maniatis et al

method [Molecular cloning : A Laboratory Manual,

Cold Spring Harbor, New York, 202 (1982)], fol-

lowed by immobilization on a nylon filter gene
screen plus (Dupont). The nylon filters were im-

mersed in a hybridization solution containing a

probe prepared by isolation and purification of

5 BamHi-Kpnl 2.2 kb fragment of human liver-derived

HGF cDNA by agarose gel electrophoresis and

labeling with [a32P]dCTP using multi prime DNA
labeling system (Amersham Corp.), SxSSPE buffer

(IxSSPE: 180 mM NaCI 10 mM sodium phos-

70 phate, 1 mM EDTA, pH 6.8), SxDenhardt solution,

10% dextran sulfate, 40% formaldehide, 0.1% SDS
and 0.1 mg/ml Escherichia coli DNA, and sub-

jected to hybridization reaction at 42* C for 16

hours. After the reaction, the nylon filters were

is washed three times with 1xSSC buffer containing

0.1% SDS at 60 'C and air-dried. The nylon filters

were adhered to sensitization screens, lightning

plus (Dupont), and X-ray films, RX (Fuji Photo

Rim), and exposed at -80 "C for 16 hours. Upon
20 development, HGF-like transcripts were confirmed

in placenta and leukocyte mRNAs as in liver

mRNA.

2) Preparation of human leukocyte-derived cDNA
25 library:

cDNA was synthesized in accordance with the

Gubler et al method (Gene, 25, 263, 1983), using

cDNA synthesis system plus (Amersham Corp.),

30 wherein human leukocyte mRNA (3 ug) was used

as the template, and oligonucleotide having a base

sequence of
5 ACATTCTCTGAAATCTTCAT3' (SEQ

ID No:1) present in 3' nontranstation region of hu-

man liver-derived HGF cDNA was used as the

35 primer. After the cDNA was extracted with

phenol/chloroform (1:1, v/v) and purified by ethanol

precipitation, it was dissolved in 10 mM Tris-HCI

buffer containing 0.5 M NaCI and 1 mM EDTA
(abbreviated as STE buffer) and the concentration

40 of the solution was adjusted to 0.7 ug/20 u\. The

cDNA was ligated with cDNA cloning system X

gt10 (Amersham Corp.) at the EcoRI site of X gt10

in accordance with the Huynh et al method (DNA
Cloning 1, A Practical Approach, /, 49, 1982) in the

45 following manner. EcoRI adaptor was ligated with

the cDNA at the both termini with the use of

T4DNA ligase. The reaction mixture was applied

onto a gel filtration column for cDNA purification

which had been equilibrated with STE buffer. Upon

so elution with STE buffer, 500 ul of the cDNA frac-

tions were collected. After ethanol precipitation was

repeated twice by a conventional method, the

linker-attached cDNA was obtained by drying under

reducing pressure. The cDNA was again dissolved

55 in STE buffer at a concentration of 50 ng/UI, and

0,1 ug of the adaptor-attached cDNA was inserted

into 1 ug of X gt10 vector prepared in advance,

with the use of T4DNA ligase. After the reaction

fi
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mixture was treated with cold ethanol, it was lightly

dried and the entire amount of the obtained recom-

binant DNA was dissolved in 5 ul of 10 mM Tris-

HC! buffer containing 1 mM EDTA, pH 7.5

(abbreviated as TE buffer). This recombinant DNA
was subjected to in vitro packaging reaction to

give X gt10 recombinant phage. The number of the

recombinant phages obtained from 1 ug of cDNA
as measured by titration with Escherichia coli for

phage-plating was 5.0 x10s
. The thus-obtained

cDNA library was preserved until use in SE buffer

with a slight amount of chloroform added (100 mM
NaCI, 10 mM MgSOd. and 20 mM Tris-HCI buffer

containing 0.01% gelatin, pH 7.5) at 4*C.

3) Isolation of human leukocyte-derived HGF cDNA
and determination of the nucleotide sequence

Cloning of human leukocyte-derived HGF gene
from the above-mentioned cDNA library was con-

ducted using 0.2 kb EcoRI fragment of HAC 69 as

a probe which is a part of human liver-derived HGF
cDNA labeled with [a32P]dCTP by multi prime DNA
labeling system (Amersham Corp.). Screening was
conducted at a hybridization temperature and a

washing temperature of 60 *C and using 2xSSC
buffer containing 0.1% SDS to give positive clones

HLC2 and HLC3. HLC2 and HLC3 cDNAs isolated

and purified from each phage by a conventional

method were subjected to restriction enzyme
cleavage analysis and nucleotide sequence deter-

mination. In Fig. 1 , shown is the restriction enzyme
map of HLC3, and in Fig. 2, shown are a portion of

the nucleotide sequence and the amino acid se-

quence deduced therefrom (SEQ ID No:2). The
human leukocyte-derived HGF clone, HLC 3 shows
similar characteristics as the human liver-derived

HGF identified earlier (Nature, 342, 440, 1989).

Nevertheless, there are 38 different portions in the

nucleotide sequence in the coding region which

causes 14 differences in the deduced amino acid

sequence. HLC2 cDNA has almost the same
nucleotide sequence as the HLC3 cDNA except the

nucleotide sequence from the 483rd to the 497th

which has been deleted (Fig. 3) (SEQ ID No:3).

4) Construction of human leukocyte-derived HGF
expression vector for simian COS cell:

Construction schematics of human HGF ex-

pression vectors CDM[dLeHGF] and CDMfLeHGF]
for simian COS cells are shown in Fig. 4. The

HLC2 and HLC3 phage DNAs obtained in 3) above

were digested with restriction enzymes BamHI and

Kpnl, and the 2.2 kb DNA fragment was isolated

and purified. The oligonucleotides
5 CACAGTCATAGCTGTTAACCCGGG 3 ' SEQ ID

No:4

5 TCGACCCGGGTTAACAGCTATGACTGTGGTAC3
*

SEQ ID No:5

consisting of Kpnl cleavage site of HLC2' and

HLC3, a part of the sequence contained on its 3*

5 region and Hpal, Smal and Sail cleavage sites,

were synthesized, which were then used as a Kpnl-

Sall adaptor. The BamHI-Kpnl DNA fragments of

HLC2 and HLC3 as described, the Kpnl-Sall adapt-

or and Blue Script KSM13+ (Stratagene) which

io had been digested in advance with restriction en-

zymes BamH! and Sail were mixed, and ligated by

T4DNA ligase to obtain two pfasmids, pBS-

[dLeHGF] and pBS[LeHGF]. pBS[dl_eHGF] and

pBS[LeHGF] thus obtained were digested with re-

75 striction enzymes BamHI and Sail and given blunt

ends with T4DNA polymerase, after which they

were mixed with the expression vector CDM8 for

COS cells (Nature, 329, 840, 1987) which had

been digested in advance with restriction enzyme
20 BstX1 and given blunt ends with T4DNA poly-

merase, and ligated by T4DNA ligase to give hu-

man leukocyte-derived HGF expression vectors

CDM[dleHGF] and CDM[LeHGF] respectively.

25 5) Transformation of simian COS cell and expres-

sion of human leukocyte-derived HGF gene:

The obtained CDM[dl_eHGF] and CDMfLeHGF]
plasmids were subjected to ethanol precipitation,

30 and thereafter dissolved in 10 mM PBS buffer and

the concentration was adjusted to 2 ug/ml. The
COS-1 cells (ATCC CRL-1650) which had been

cultivated in DMEM medium (Nissui Pharmaceuti-

cal) containing 10% fetal bovine serum (Gibco) to

35 saturated cell density, were washed twice with 10

mM PBS buffer and then subjected to trypsin treat-

ment. After the cells were washed three times with

said buffer, they were suspended in the buffer at

the density of 2x107
cell/ml. The plasmid solution

40 (250 ul) and the cell suspension (250 ul) prepared

previously were mixed and the mixture was left

standing on ice for 10 minutes. High voltage pulse

was given to the ice-cooled mixture of the plasmid

and the cells at the applied voltage of 4 kV/cm

45 during the pulse time of 20 m second by high-

voitage-pulse gene-introducing apparatus ZA-1200

(PDS Corp.). The obtained cells were diluted in the

above medium and cultured at 37 " C in the pres-

ence of 5% C02 for 3 days. HGF activity in the

so culture supernatant after 3 days' cultivation was

determined and found to be 20 unit/ml and 5

unit/ml. respectively. By contrast, the expression

vector CDM8 in which the HGF cDNA was not

inserted was introduced into COS-1 cells and cul-

55 tured in the same manner, but no HGF activity was

detected in the culture supernatant.

Example 2

7
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1) Construction of human leukocyte-derived HGF
expression vector for mouse C127 cells:

The construction schematics of the human
leukocyte-derived HGF expression vector pBPMT-
[LeHGF] (FERM BP-2897 deposited at the Fer-

mentation Research Institute, Agency of Industrial

Science and Technology, Ministry of International

Trade and Industry, Japan) and pBPMT[dLeHGF]
(FERM BP-2898) for mouse C127 cells are shown
in Fig. 5. The plasmids pBS[LeHGF] and pBS-
[dLeHGF] as obtained in Example 1 were digested

with restriction enzymes Xbal and Sail and given

blunt ends with T4DNA polymerase, after which

they were mixed with expression vector pBPMT for

C127 cells digested in advance with restriction

enzyme EcoRV, and ligated by T4DNA ligase to

give human HGF expression vectors pBPMT-
[LeHGF] (FERM BP-2897) and pBPMT[dLeHGF]
(FERM BP-2898) respectively. The thus-obtained

human leukocyte-derived HGF expression vectors

have human leukocyte-derived HGF gene between
MT-1 promotor and poly(A) additional signal of

SV40 early gene, and mouse C127 cells transfec-

ted with these expression vectors are transformed

by bovine papilloma virus (BPV). Selection of the

transformed cells can be done by a neo chimera

gene, in which the neo gene of transposon Tn5
(Gene. 19, 329, 1982) was inserted between the

promoter sequence and the poly(A) additional sig-

nal of thymidine kinase (HSV1 TK) gene derived

from herpes simplex virus type I.

2) Transformation of mouse C127 cell and expres-

sion of human HGF gene:

The human leukocyte-derived HGF expression

vectors pBPMT[LeHGF] (FERM BP-2897) and

pBPMT[dLeHGF] (FERM BP-2898) were intro-

duced into mouse C127 cell by the Wigler et al

method (Ceil, //
, 223, 1977).

pBPMT[LeHGF] (FERM BP-2897) and pBPMT-
[dLeHGF] (FERM BP-2898) as obtained in 1) (29

U-g) were each dissolved in 240 ul of 0.5 M cal-

cium chloride, and 240 ul of 2x HEPES buffer, pH
7.1 containing 20 mM HEPES, 280 mM NaCI and
1 .5 mM sodium phosphate was added thereto while

stirring. Stirring was continued at room temperature

for 30 minutes to produce coprecipitation of the

ptasmid and calcium phosphate. C127 cells

(5x10s ) were cultured in advance at 37* C for 24
hours in the presence of 5% C02 in DMEM me-
dium (Nissui Pharmaceutical) supplemented with

10% fetal bovine serum (Gibco) and 10 mM
glutamine. After replacement of the culture me-
dium, the coprecipitation of the plasmtd and cal-

cium phosphate was added thereto and the mixture

was left standing at room temperature for 20 min-

utes. After further incubation at 37* C for 4 hours,

the medium was removed and 1 x HEPES buffer

added with 15% gfycerine was added, and the

mixture was left standing at room temperature for 5

s minutes. After the cells were washed with the me-
dium, the medium was replaced and further in-

cubation at 37 *C for 2 days was conducted. The
cells were diluted ten times, and using the same
medium containing G418 (Sigma Corp.) at the con-

w centration of 1 mg/ml, cultivation at 37* C for 7
days was conducted in the presence of 5% C02 to

obtain transformed cells. The cells possessing high

HGF activity in the culture supernatant of the ob-

tained cell strains were subjected to screening by
is the limiting dilution method to obtain human

leukocyte-derived HGF high-producing cell strains

BPM4 (pBPMT[LeHGF] (FERM BP-2897)) and
BPD-27 (pBPMT[d LeHGF] (FERM BP-2898)). The
HGF-producing activity of the cells was 120 thou-

20 sand unit/l/day and 150 thousand unit/l/day, re-

spectively.

Example 3

25 1) Construction of human leukocyte-derived HGF
expression vector for Chinese hamster CHO cells:

The construction schematics of human
leukocyte-derived HGF expression vectors

so pEVSSV[LeHGF] (FERM BP-2899) and pEVSSV-
[dLeHGF] (FERM BP-2900) for Chinese hamster

CHO cell are shown in Fig. 6. After the plasmids

pBS[LeHGF] and pBS[dLeHGF] as obtained in Ex-

ample 1 were digested with restriction enzymes
35 Xbal and Sail, respectively and given blunt ends by

T4DNA polymerase, they were mixed with expres-

sion vector pEVSSV for CHO cells, which had been

digested with a restriction enzyme EcoRV, and

ligated by T4DNA ligase to give human leukocyte-

40 derived HGF expression vectors pEVSSV[LeHGF]
(FERM BP-2899) and pEVSSV[dLeHGF] (FERM
BP-2900). The thus-obtained human leukocyte-de-

rived HGF expression vectors have human
leukocyte-derived HGF gene between the SV40

45 early promotor and the poly(A) additional signal.

Selection of the transformed cells can be done by
DHFR chimera gene in which the mouse
dihydrofolate reductase (DHFR) gene was ligated

with the SV40 early promoter and poly(A) addi-

so tional signal.

2) Transformation of Chinese hamster CHO cell

and expression of human leukocyte-derived HGF
gene:

55

The human leukocyte-derived HGF expression

vectors pEVSSV[LeHGF] (FERM BP-2899) and

pEVSSV[dLeHGF] (FERM BP-2900) were intro-

8
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duced into the CHO DUKX cells deficient in DHFR
of Chinese hamster CHO cells in the same manner
as in Example 2. The cells having high HGF activ-

ity in the culture supernatant of the obtained cell

strains were subjected to screening by the limiting

dilution method to obtain cells in the culture super-

natant, using or-MEM medium (Flow-Laboratory)

free of ribonucleoside and deoxyribonucleoside but

containing 10% fetal bovine serum (Gibco), 1%
glutamine and 50 nM methotrexate. The obtained

colony was cultivated in the same culture until the

9th passages to obtain stable human leukocyte-

derived HGF high-production strains. The cell

strains were grown in the same medium while the

concentration of methotrexate was elevated to 100

nM, 250 nM, 500 nM, 750 nM and 1000 nM se-

quentially, to obtain stable human leukocyte-de-

rived HGF high-production strains EVI-65

(pEVSSV[LeHGF] (FERM BP-2899)) and EVD-104
(pEVSSV[dLeHGF] (FERM BP-2900)). The human
leukocyte-derived HGF producing activity of these

cells were 90 thousand unit/ 1 /day and 130 thou-

sand unit/t/day, respectively.

Example 4

Purification of recombinant human leukocyte-de-

rived HGF from transformed C127 cell culture

supernatant:

Recombinant human leukocyte-derived HGF
was purified from culture supernatant of human
leukocyte-derived HGF-production mouse C127 re-

combinant cell strain BPD-27 (15 nucleotide de-

leted HGF production strain) as obtained in Exam-
ple 2.

1) Cation exchange chromatography

Tween 80 was added to a culture solution (500
ml) of BPD-27 strain so that the final concentration

became 0.01% and the mixture was filtered

through a Sterivex HV filter (Japan Millipore Limit-

ed). To the filtrate was added 1/20 volume of 1M
Tris-HCI buffer (pH 8.5), which was then poured

onto S-Sepharose FF (Pharmacia, column size: in-

ner diameter 1.6 cm, height 5 cm) equilibrated with

buffer A (50 mM Tris-HCI, 10 mM HEPES, 2 mM
CaCI2 , 150 mM NaCI, 0.01% Tween 80, pH 8.5).

After washing adsorbed substance with buffer A,

the unadsorbed substance was eluted with the

NaCI linear gradient (total amount 100 ml) from

0.15 M to 1.0 M. Fig. 7 shows the chromatogram
pattern obtained.

The fractions having HGF activity were col-

lected and used as an S-Sepharose eluate.

2) Affinity chromatography

The S-Sepharose eluate was adjusted to pH
7.5 with 1 N acetic acid, diluted with distilled water
containing 2-fold volume of 0.01% Tween 8a, and
equilibrated with buffer B (10 mM Tris-HCI, 0.3 M

s NaCI, 0.01% Tween 80, pH 7.5), which was then

poured onto heparin-Sepharose CL-6B (Pharmacia,

column size: inner diameter 1 cm, height 3 cm).

After washing the column with buffer B, elution was
conducted with the NaCI linear gradient (total

to amount 30 ml) from 0.3 M to 2.0 M. Fig. 8 shows
the chromatogram pattern obtained. The fractions

having HGF activity were collected and used as a

heparin eluate.

75 3) Reverse phase HPLC

The heparin eluate was poured onto a phenyl
5PW RP column (Toso Corp., inner diameter 0.75

cm, height 7.5 cm) equilibrated with distilled water

20 containing 0.1% TFA (trifluoroacetate, v/v%), and
elution was conducted with the 0.1% TFA-contain-

ing acetonitrile gradient from 0% to 90%. The
recombinant human leukocyte-derived HGF was
eluted at about 40% acetonitrile concentration. Fig.

25 9 shows the chromatogram pattern. Yield of the

purified recombinant human HGF was about 20 ug
and activity recovery from the culture supernatant

was 18%.

30 4) SDS-polyacrylamide gel electrophoresis

The 15 nucleotide deleted type recombinant

human leukocyte-derived HGF which was purified

by 3 steps of the above-mentioned chromatog-
35 raphy was subjected to SDS-polyacrylamide gel

electrophoresis under 2-mercaptoethanol reducing

and nonreducing conditions. The results are shown
in Fig. 10. The purified recombinant HGF showed a
single band with 70,000 to 90,000 molecular weight

4o under nonreducing conditions (2-ME(-)), and «-

chain with 60,000 to 75,000 molecular weight and
0-chain with 30,000 to 40,000 molecular weight

under reducing conditions (2-ME( + )). That is, the

recombinant HGF is a heterodimer comprising a-

45 and 0-chains.

5) Hepatocyte growth activity of the recombinant

human leukocyte-derived HGF (15 nucleotide de-

leted type)

50

Among presently-known in vitro assay system,

rat primary cultured hepatocytes have liver func-

tions most similar to those in vivo. Addition of the

purified 15 nucleotide deleted type recombinant

55 human leukocyte-derived HGF to rat hepatocytes

as obtained in accordance with the method de-

scribed under "Determination of HGF activity" in-

duced strong cell proliferation at a concentration of

9
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1-20 ng/rnl. As other factors showing growth activ-

ity to this culture strain, there have been known
insulin and EGF. The recombinant HGF by itself

shows more potent activity than the two and ad-

ditive action was observed in the presence of these

three.

Example 5

Transformation and expression of Chinese hamster
CHO cell by human leukocyte-derived HGF gene:

Human leukocyte-derived HGF expression vec-

tor pEVSSV[dLeHGF] (FERM BP-2900) was intro-

duced into DHFR deficient cells of Chinese ham-
ster CHO cells in accordance with the Wigler et al

method (Cell, 11
, 233, 1977). pEVSSV[dLeHGF]

piasmid (about 30 ug) was dissolved in 0.5 M
calcium chloride (240 ul), and 2xHEPES buffer

(240 til, pH 7.1) containing 20 mM HEPES, 280
mM sodium chloride and 1.5 mM sodium phos-

phate was added thereto while stirring. Stirring was
continued at room temperature for 30 minutes to

form coprecipitation of piasmid and calcium phos-

phate. CHO cells (5x1

0

s
) were cultured in a-MEM

culture medium (Row- Laboratory Corp.) containing

10% fetal bovine serum (Gibco) and 1% glutamine

in the presence of 5% C02 at 37* C for 24 hours.

After medium exchange, coprecipitation of piasmid

and calcium phosphate was added thereto, fol-

lowed by leaving at room temperature for 20 min-

utes. Incubation was further continued at 37 *C for

4 hours, and the medium was removed, IxHEPES
buffer supplemented with 15% glycerine was ad-

ded thereto, and the mixture was left standing at

room temperature for 5 minutes. Cells were
washed with the medium, and the medium was
changed, followed by 7 days* cultivation at 37* C to

give transformed cells. The obtained cell strains

were repeatedly cultivated using a-MEM culture

medium (Flow-Laboratory Corp.
) containing 10%

fetal bovine serum (Gibco) and 1% glutamine but

not containing ribonucleoside and deox-

yribonucleoside while elevating the concentration of

methotrexate to 100 nM, 250 nM, 500 nM, 750 nM,

1 uM and 2 uM sequentially, to obtain stable HGF
high-production strains. Cloning selection was con-

ducted for the obtained human leukocyte-derived

HGF high-production recombinant cells to obtain

stable human leukocyte-derived HGF-production

cell strain 515C. The HGF producing activity of the

cells was about 800 thousand unit/t/day.

Example 6

Purification of recombinant human leukocyte-de-

rived HGF from transformed CHO cell culture

supernatant:

Human leukocyte-derived HGF production Chi-

nese hamster CHO recombinant cell strain 51 5C
(15 nucleotide deleted type HGF production 'strain)

as obtained in Example 5 was cultured in a-MEM
5 culture medium (Flow-Laboratory Corp.) free of

ribonucleoside and deoxyribonucleoside but con-
taining 10% fetal bovine serum (Gibco), 1%
glutamine and 2 uM methotrexate, from the culture

supernatant of which recombinant human
70 leukocyte-derived HGF was purified.

1) Cation exchange chromatography

Tween 80 was added to the culture (500 ml) of

15 51 5C strain so that the final concentration became
0.01%, and the mixture was filtered through a

Sterivex HV filter (Japan Millipore Limited). To the

filtrate was added 1/20 volume of 1M Tris-HCI

buffer (pH 8.5), after which it was poured onto S-

20 Sepharose FF (Pharmacia, column size: inner di-

ameter 1.6 cm, height 5 cm) equilibrated with buff-

er C (50 mM Tris-HCI, 0.01% Tween 80, pH 8.5)

containing 150 mM NaCI. After washing the buffer

C column with buffer C containing 150 mM NaCI
25 and buffer C containing 400 mM NaCI (marked by

arrow A in Fig. 11), it was eluted with buffer A
containing 1 M NaCI (marked by arrow B in Rg.

11). Fig. 11 shows the chromatogram pattern ob-

tained. The peak portions eluted with buffer C
30 containing 1 M NaCI (marked by — in Fig. 11)

were collected and used as an S-Sepharose eluate.

2) Affinity chromatography

35 The S-Sepharose eluate was adjusted to pH
7.5 with 1 N hydrochloric acid, diluted with distilled

water containing 2-fold volume of 0.01% Tween 80,

and then poured onto heparin-Sepharose CL-6B
(Pharmacia, column size: inner diameter 1 cm,

40 height 5 cm) equilibrated with buffer B (10 mM
Tris-HCI, 0.3 M NaCI, 0.01% Tween 80, pH 7.5).

After washing the column with buffer B, elution was
conducted with the NaCI linear gradient (total

amount 40 ml) from 0.3 M to 2.0 M. Fig. 12 shows
45 the chromatogram pattern obtained. The fractions

having HGF activity were collected and used as a

heparin eluate.

3) Hydrophobic chromatography

50

The heparin eluate was poured onto a phenyl

5PW column (Toso Corp., inner diameter 0.75 cm,
height 7.5 cm) equilibrated with 20 mM phosphate

buffer, pH 7.0, containing 4M NaCI, and elution was
55 conducted with the gradient from solvent A: 20 mM

phosphate buffer containing 4M sodium chloride

(pH 7.0) to solvent B: 20 mM phosphate buffer

containing 50% ethylene glycol (pH 7.0). HGF ac-
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tivity was eluted at about 2M NaC!, 25% ethylene

glycol. Fig. 13 shows its chromatogram. Yield of

the purified recombinant human leukocyte-derived

HGF was about 500 ug and activity recovery from

the culture supernatant was 25%. 4) Properties of 5

the purified recombinant human leukocyte-

derived HGF
Biological, chemical and physicochemical

properties of the recombinant human leukocyte-

derived HGF as obtained in 3) above were mea- w
sured.

(T) SDS-polyacrylamide gel electrophoresis

The recombinant HGF was subjected to SDS- ;s

polyacrylamide gel electrophoresis under 2-mer-

captoethanol reducing and nonreducing conditions.

After the electrophoresis, gel was stained by the

silver staining method. The results are summarized

in Fig. 14. The recombinant HGF showed a single 20

band with 70,000 to 90,000 molecular weight under

nonreducing conditions and a-chain with 60,000 to

75,000 molecular weight and £-chain with 30,000 to

40,000 molecular weight under reducing conditions.

The 0-chain further showed two bands which in- 25

dicates difference of the number of the bound

sugar chains.

© Sugar composition analysis (neutral sugar and

amino sugar) 30

After evaporation to solid of the purified recom-

binant HGF, it was subjected to hydrolysis in the

presence of 2.5 N trifluoroacetate at 110* C for 6

hours. The hydro lyzate was evaporated to dryness 35

and redissolved in water to give a sample. The
sample was subjected to sugar composition analy-

sis by HPLC using an anion-exchange resin. As a

result, fucose, galactose, mannose and N-acetyl

* glucosamine were detected, which confirmed that 40

the recombinant HGF was a glycoprotein.

(3) Biological activity

Hepatocyte growth activity of the purified re- 45

combmant HGF was determined in accordance with

the method described under "Determination of

HGF activity". As a result, relative activity of the

purified recombinant HGF was found to be 200-500

thousand unit/mg. 50

Example 7

Production of recombinant single-chain human
leukocyte-derived HGF (15 nucleotide deleted type 55

HGF)

The recombinant human leukocyte-derived

HGF production CHO 51 5C (15 nucleotide deleted

type HGF) strain as obtained in Example 5 was
cultured in an a-MEM culture medium (Flow-Lab-

oratory Corp.) free of ribonucleoside and deox-

yribonucleoside but containing 10% fetal bovine

serum (Gibco), 1% glutamine and 2 uM methotrex-

ate at 37 'C in 5% C02 until the cells became
confluent. After cultivation, the culture solution was
removed and the cells were washed twice with

PBS. Thereto was added a-MEM culture medium
free of ribonucleoside and deoxyribonucleoside but

supplemented with 1% glutamine, 500 uM
methotrexate and 400 unit/ml aprotinin which is a

protease inhibitor, and the cells were cultured at

37* C in 5% CO2. After cultivation for about 1 day,

the culture supernatant was harvested, and recom-

binant HGF was purified by chromatography proce-

dure in the like mariner as in Example 6. Activity

recovery from the culture supernatant was about

15%.

The purified 15 nucleotide deleted type recom-

binant human leukocyte-derived HGF was subject-

ed to SDS-acrylamide gel electrophoresis. The re-

sults are summarized in Fig. 15. The purified re-

combinant HGF showed a single band with 70,000

to 90,000 molecular weight under nonreducing con-

ditions and a single band with 80,000 to 95,000

molecular weight under 2-mercaptoethanol reduc-

ing conditions, which indicated that the recom-

binant HGF obtained was of single chain. Further-

more, biological activity of said recombinant single-

chain HGF was measured, which comprised mea-

surement of growth activity to primary culture of rat

hepatocytes as described under "Determination of

HGF activity". As a result the recombinant single-

chain HGF showed hepatocyte growth activity and

relative activity thereof was almost the same as

one obtained in Example 6, 4), which was 200-500

thousand unit/mg.

Claims

1. A recombinant expression vector capable of

expressing the base sequence which codes for

the human leukocyte-derived hepatocyte

growth factor, in host cells.

2. A recombinant expression vector according to

Claim 1, wherein the human leukocyte-derived

hepatocyte growth factor has the amino acid

sequence of the 1st Met to the 728th Ser in

Fig. 2.

3. A recombinant expression vector according to

Claim 1, wherein the human leukocyte-derived

hepatocyte growth factor has the amino acid

sequence of the 1st Met to the 723rd Ser in

Fig. 3.

11
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6.

7.

A recombinant expression vector according to

Claim 1, wherein the expression vector has a

pBR 322-derived DNA sequence.

A recombinant expression vector according to

Claim 4, wherein the vector having the pBR
322-derived DNA sequence is selected from
the group consisting of vectors derived from
pBR322, pBR15, PUB1 10, PUC18 and pUC19.

A recombinant expression vector according to

Claim 1, wherein the expression vector has a

bacterio phage-derived DNA sequence.

A recombinant expression vector according to

Claim 1, wherein the expression vector has an

animal virus-derived DNA sequence.

A recombinant expression vector according to

Claim 7, wherein the animal virus-derived DNA
sequence is selected from the group consist-

ing of the DNA sequences of SV40, BPV, HSV,
retrovirus and CMV.

15. A recombinant single-chain human leukocyte
derived hepatocyte growth factor which is ob
tained by the method according to Claim' 13.

10

15

9. A recombinant expression vector according to 25

Claim 1, wherein the host cells are of mamma-
lian animal cells or microorganism cells.

10. A transformant obtained by transforming mam-
malian animal cells or microorganism cells with 30

a recombinant expression vector capable of

expressing the base sequence which codes for

the human leukocyte-derived hepatocyte
growth factor.

35

11. A transformant according to Claim 10, wherein
the mammalian animal cells are selected from
the group consisting of COS cells, C127 cells

and CHO cells.

40

12. A transformant according to Claim 10, wherein
the microorganism cells are selected from the

group consisting of Escherichia cofi, Bacillus

subtilis and yeast.

45

13. A method of producing the recombinant human
leukocyte-derived hepatocyte growth factor,

which comprises cultivating a transformant

transformed with a recombinant expression
vector capable of expressing the base se- 50

quence which codes for the human leukocyte-

derived hepatocyte growth factor, and harvest-

ing the recombinant human leukocyte-derived

hepatocyte growth factor from the culture.

55

14. A recombinant human leukocyte-derived

hepatocyte growth factor which is obtained by
the method according to Claim 13.

12
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- a (aJ

GGATCCG CCAGCCCGTC CAGCAGCACC -1

ATGTGGGTGA CCAAACTCCT GCCAGCCCTG CTGCTGCAGC ATGTCCTCCT GCATCTCCTC 60MWVT KLL PAL LLQH VLL HLL
10 20

CTGCTCCCCA TCGCCATCCC CTATGCAGAG GGACAAAGGA AAAGAAGAAA TACAATTCAT 120LLPI AIP YAE GQRK RRN TIH
30 HQ

GAATTCAAAA AATCAGCAAA GACTAOCCTA ATCAAAATAG ATOCAGCACT GAAGATAAAA 180EFKK SAK TTL I K I D PAL KIK
50 60

ACCAAAAAAG TGAATACTGC AGACCAATGT GCTAATAGAT GTACTAGGAA TAAAGGACTT 2U0TKKV N T A DQC ANRC TRN KGL
70 80

CCATTCACTT GCAAGGCTTT TGTTTTTGAT AAAGCAAGAA AACAATGCCT CTGGTTCCCC 300PFTC K A F VFD KARK QCL WFP
90 100

TTCAATAGCA TGTCAAGTGG AGTGAAAAAA GAATTTGGCC ATGAATTTGA CCTCTATGAA 360FNSM SSG VKK EFGH EFD LYE
110 120

AACAAAGACT ACATTAGAAA CTGCATCATT GGTAAAGGAC GCAGCTACAA GGGAACAGTA 420NKDY IRN CII GKGR SYK GTV
130 mo

TCTATCACTA AGAGTGGCAT CAAATGTCAG CCCTGGAGTT CCATGATACC ACACGAACAC 480SITK SGI KCQ PWSS M I P HEH
150 160

AGCTTTTTGC CTTCGAGCTA TCGGGGTAAA GACCTACAGG AAMCTACTG TCGAAATCCT 540SFLP SSY RGK DLQE NYC RNP
170 180

CGAGGGGAAG AAGGGGGACC CTGGTGTTTC ACAAQCAATC CAGAGGTACG CTACGAAGTC 600RGEE GGP WCF TSNP EVR YEV
190 200

TGTGACATTC CTCAGTGTTC AGAAGTTGAA TGCATGACCT GCAATGGGGA GAGTTATCGA 660CDIP QCS EVE CMTC NGE SYR
210 220

GGTCTCATGG ATCATACAGA ATCAGGCAAG ATTTGTCAGC GCTGGGATCA TCAGACACCA 720GLMD HTE SGK ICQR WDH QTP
230 240

. . continued
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CACCGGCACA AATTCTTGCC TGAAAGATAT CCCGACAAGG GCTTTGATGA TAATTATTGC 780HRHK FLP ERY PDKG FDD NYC
250 260

CGCAATCCCG ATGGCCAGCC GAGGOCATGG TGCTATACTC TTGACCCTCA CACCCGCTGG 840RNPD GQP RPW CYTL DPH TRW
270 280

GAGTACTGTG CAATTAAAAC ATGCGCTGAC AATACTATGA ATGACACTGA TGTTCCTTTG 900EYCA IKT CAD NTMN DTD VPL
290 300

GAAACAACTG AATGCATCCA AGGTCAAGGA GAAGGCTACA GGGGCACTGT CAATACCATT 960ETTE CIQ GQG EGYR GTV NTI
310 320

TGGAATGGAA TTOCATGTCA GCGTTGGGAT TCTCAGTATC CTCACGAGCA TGACATGACT 1020WNGI PCQ RWD SQYP HEH DMT
330 3140

OCTGAAAATT TCAAGTGCAA GGACCTACGA GAAAATTACT GCCGAAATCC AGATGGGTCT 1080PENF KCK DLR ENYC RNP DGS
350 360

GAATCACCCT GGTGTTTTAC CACTGATCCA AACATCCGAG TTGGCTACTG CTCCCAAATT 1140ESPW CFT.TDP NIRV GYC SQI
370 380

CCAAACTGTG ATATGTCACA TGGACAAGAT TGTTATCGTG GGAATGGCAA AAATTATATG 1200PNCD MSH GQD'CYRG NGK NYM
390 400

GGCAACTTAT CCCAAACAAG ATCTGGACTA ACATGTTCAA TGTGGGACAA GAACATGGAA 1260GNLS QTR SGL TCSM WDK NME
410 420

GACTTACATC GTCATATCTT CTGGGAACCA GATGCAAGTA AGCTGAATGA GAATTACTGC 1320DLHR HIF WEP DASiC L N E NYC.
430 mo

CGAAATCCAG ATGATGATGC TCATGGACCC TGGTGCTACA CGGGAAATCC ACTCATTCCT 1380RNPD DDA HGP WCYT GNP LIP
450 M60

TGGGATTATT GCOCTATTTC TCGTTGTGAA GGTGATACCA CACCTACAAT AGTCAATTTA 1440WDYC PIS RCE GDTT PTI VNL
U70 U80

GAOCATOCCG TAATATCTTG TGCCAAAACG AAACAATTGC GAGTTGTAAA TGGGATTCCA 1500DHPV ISC AKT KQLR VVN GIP
H90 500

. . continued
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- a id

ACACGAACAA ACATAGGATG GATGGTTAGT TTGAGATACA GAAATAAACA TATCTGCGGA 1560TRTN IGW MVS LRYR NKH ICG
510 520

GGATCATTGA TAAAGGAGAG TTGGGTTCTT ACTGCACGAC AGTGTTTCCC TTCTCGAGAC 1620GSLI KES WVL TARQ CFP SRD
530 540

TTGAAAGATT ATGAAGCTTG GCTTGGAATT CATGATGTCC ACGGAAGAGG AGATGAGAAA 1680LKDY EAW LGI HDVH GRG DEK
550 560

TGCAAACAGG TTCTCAATGT TTCOCAGCTG GTATATGQCC CTGAAGGATC AGATCTGGTT 1740CKQV LNV SQL VYGP EGS DLV
570 580

TTAATGAAGC TTGOCAGGOC TGCTGTOCTG GATGATTTTG TTAGTACGAT TGATTTACCT 1800LMKL A R P A V L DDFV STI DLP
590 600

AATTATGGAT GCACAATTCC TGAAAAGACC AGTTGCAGTG TTTATGGCTG GGGCTACACT 1860NYGC TIP EKT SCSV YGW GYT
610 620

GGATTGATCA ACTATGATGG CCTATTACGA GTGGCACATC TCTATATAAT GGGAAATGAG 1920GLIN YDG LLR VAHL YIM GNE
630 640

AAATGCAGCC AGCATCATCG AGGGAAGGTG ACTCTGAATG- AGTCTGAAAT ATGTGCTGGG 1980KCSQ HHR GKV TLNE SEI CAG
650 660

GCTGAAAAGA TTGGATCAGG ACCATGTGAG GGGGATTATG GTGGOCCACT TGTTTGTGAG 2040AEKI GSG PCE GDYG GPL VCE
670 680

CAACATAAAA TGAGAATGGT TCTTGGTGTC ATTGTTCCTG GTCGTGGATG TGCCATTCCA 2100QHKM RMV L G V IVPG RGC AIP
690 700

AATCGTCCTG GTATTTTTGT CCGAGTAGCA TATTATGCAA AATGGATACA CAAAATTATT 2160NRPG IFV R V A YYAK WIH KII
710 720

TTAACATATA AGGTACCACA GTCATAGLTYK VPQ S *
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- 3 (aJ

GGATCCG CCAGOCCGTC CAGCAGCACC -1

ATGTGGCTGA CCAAACTCCT GCCAGCOCTG CTGCTGCAGC ATGTOCTCCT GGATCTCCTC 60MWVT KLL PAL LLQH VLL HLL
10 20

CTGCTCCCCA TCGOCATCOC CTATGCAGAG GGACAAAGGA AAAGAAGAAA TACAATTCAT 120LLPI AIP Y A E GQRK RRN TIH
30 140

GAATTCAAAA AATCAGCAAA GACTACCCTA ATCAAAATAG ATCCAGCACT GAAGATAAAA 180EFKK S A K TTL I K I D PAL K I K
50 60

ACCAAAAAAG TGAATACTGC AGACCAATGT GCTAATAGAT GTACTAGGAA TAMGGACTT 2U0TKKV NTA DQC ANRC TRN KGL
70 80

CCATTCACTT GCAAGGCTTT TGTTTTTGAT AAAGCAAGAA AACAATGCCT CTGGTTOCOC 300PFTC K A F VFD KARK QCL WFP
90 100

TTCAATAGCA TGTCAAGTGG AGTGAAAAAA GAATTTGGCC ATGAATTTGA CCTCTATGAA 360FNSM SSG V K K EFGH EFD LYE
110 120

AACAAAGACT ACATTAGAAA CTGCATCATT GGTAAAGGAC GCAGCTACAA GGGAACAGTA 420NKDY IRN CII GKGR SYK GTV
130- 1U0

TCTATCACTA AGAGTGGCAT CAAATGTCAG COCTGGAGTT CCATGATACC ACACGAACAC i480SITK SGI KCQ PWSS MIP HEH
150 160

AGCTATCGGG GTAAAGAOCT ACAGGAAAAC TACTGTCGAA ATCCTCGAGG GGAAGAAGGG 5^40SYRG KDL QEK YCRN PRG EEG
170 180

GGACCCTGGT GTTTCACAAG CAATCCAGAG GTACGCTACG AAGTCTGTGA CATTCCTCAG 600GPWC FTS NPE VRYE VCD IPQ
190 200

TGTTCAGAAG TTGAATGCAT GACCTGCAAT GGGGAGAGTT ATCGAGGTCT CATGGATCAT 660CSEV ECM TCN GESY RGL MDH
210 220

ACAGAATCAG GCAAGATTTG TCAGCGCTGG GATCATCAGA CACCACACCG GCACAAATTC 720TESG KIC QRW DHQT PHR HKF
230 240

. . continued
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TTGCCTGAAA GATATCCCGA CAAGGGCTTT GATGATAATT ATTGCCGCAA TCCCGATGGC 780LPER YPD K G F DDNY CRN PDG
250 260

CAGCCGAGGC CATGGTGCTA TACTCTTGAC CCTCACACCC GCTGGGAGTA CTGTGCAATT 8U0QPRP WCY TLD PHTR WEY CAI
270 280

AAAACATGCG CTGACAATAC TATGAATGAC ACTGATGTTC CTTTGGAAAC AACTGAATGC 900KTCA DNT MND TDVP LET TEC
290 300

ATCCAAGGTC AAGGAGAAGG CTACAGGGGC ACTGTCAATA CCATTTGGAA TGGAATTOCA 960IQGQ GEG YRG TVNT IWN GIP
310 320

TGTCAGCGTT GGGATTCTCA GTATCCTCAC GAGCATGACA TGACTCCTGA AAATTTCAAG 1020CQRW DSQ YPH EHDM TPE NFK
330 3K0

TGCAAGGACC TACGAGAAAA TTACTGCCGA AATOCAGATG GGTCTGAATC ACCCTGGTGT 1080CKDL REN YCR NPDG SES PWC
350 360

TTTACCACTG ATCCAAACAT CCGAGTTGGC TACTGCTCCC AAATTCCAM CTGTGATATG 1 HiOFTTD PNI RVG YCSQ IPN CDM
370 380

TCACATGGAC AAGATTGTTA TCGTGGGAAT GGCAAAAATT ATATGGGCAA CTTATCCCAA 1200SHGQ DCY RGN GKNY MGN LSQ
390 UOO

ACAAGATCTG GACTAACATG TTCAATGTGG GACAAGAACA TGGAAGACTT ACATCGTCAT 1260TRSG LTC SMW DKNM EDL HRH
410 U20

ATCTTCTGGG AACCAGATGC AAGTAAGCTG MTGAGAATT ACTGCCGAM TCCAGATGAT 1320IFWE PDA SKL NENY CRN PDD
U30 ljuo

GATGCTCATG GACOCTGGTG CTACACGGGA AATCCACTCA nCCTTGGGA TTATTGCCCT 1380DAHG PWC YTG NPLI PWD YCP
U50 U60

ATTTCTCGTT GTGAAGGTGA TACCACACCT ACAATAGTCA ATTTAGACCA TOCCGTAATA WOISRC EGD TTP TIVN LDH PVI
470 1480

. . continued
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- 3 (C)

TCTTGTGOCA AAACGAAACA ATTGCGAGTT GTAAATGGGA TTCCAACACG AACAAACATA 1500SCAK TKQ LRV VNGI PTR TNI
490 500

GGATGGATGG TTAGTTTGAG ATACAGAAAT AAACATATCT GCGGAGGATC ATTGATAAAG 1560GWMV SLR Y R N KHIC.GGS LIK
510 520

GAGAGTTGGG TTCTTACTGC ACGACAGTGT TTCOCTTCTC GAGACTTGAA AGATTATGAA 1620ESWV LTA RQC FPSR DLK DYE
530 540

GCTTGGCTTG GAATTCATGA TGTCCACGGA AGAGGAGATG AGAAATGCAA ACAGGTTCTC 1680AWLG IHD VHG RGDE KCK QVL
550 560

AATGTTTCCC AGCTGGTATA TGGCCCTGAA GGATCAGATC TGGTTTTAAT GAAGCTTGCC 1740NVSQ LVY GPE GSDL VLM K L A
570 580

AGGCCTGCTG TCCTGGATGA TTTTGTTAGT ACGATTGATT TAOCTAATTA TGGATGCACA 1800RPAV LDD FVS TIDL P N Y GCT
590 600

ATTCCTGAAA AGACCAGTTG CAGTGTTTAT GGCTGGGGCT ACACTGGATT GATCAACTAT 1860IPEK TSC SVY GWGY TGL I N Y
610 . 620

GATGGOCTAT TACGAGTGQC ACATCTCTAT ATAATGGGAA ATGAGAAATG CAGOCAGCAT 1920DGLL R V A HLY IMGN EKC SQH
630 640

CATCGAGGGA AGGTGACTCT GAATGAGTCT GAAATATGTG CTGGGGCTGA AAAGATTGGA 1980HRGK VTL NES EICA GAE KIG
650 660

TCAGGAOCAT GTGAGGGGGA TTATGGTGGC CCACTTGTTT GTGAGCAACA TAAAATGAGA 2040SGPC EGD YGG PLVC EQH KMR
670 680

ATGGTTCTTG GTGTCATTGT TCCTGGTCGT GGATGTGCCA TTCCAAATCG TCCTGGTATT 2100MVLG VIV PGR GCAI PNR PGI
690 700

TTTGTCCGAG TAGCATATTA TGCAAAATGG ATACACAAAA TTATTTTAAC ATATAAGGTA 2160FVRV AYY AKW I H K I ILT YKV
710 720

CCACAGTCAT AG
P Q S *
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SDS-PA6E of purified recombinant human leukocyte-derived HGF
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